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x, y, z Cartesian co-ordinates, with the origin 0 in the mean sea surface and Oz vertically upwards, XJ, V the components of the mean current, X, Y the components of the external body force per mass, P the mean pressure, N the eddy-viscosity function, when the mean motion is confined to one vertical plane, u, v , w the components of the 'turbulent velocity', q the speed of the turbulent motion, such that w2, X the vertical component of the * turbulent vorticity ', p t h e 'turbulent pressure', £ the 'turbulent elevation' of the sea surface, li<j) the rate of dissipation of 'turbulent energy ' by viscosity.
The quantities from o )t o vw e take to be U, Vto N we take to be functions of t and z; the quantities from u, v, w to p we take to be functions of t and x,y,z; while £ we take to be a function of t and x, y.
We shall use the symbol [ ] to denote a mean value which eliminates any one of the quantities from u, v , w to £ above, but which makes no difference in any of the quantities from to above. Integrating these, we obtain dU f° [ uw] -v~dz j on assuming the sea surface to be free from stress. In the tides X is in dependent of z, so that, where vdU/dz is negligible, \uw] is proportional to the depth below the surface. We shall define the eddy-viscosity function N by the equation (3) (4) (5) so that the mean value of the total horizontal shearing stress is pNdU/dz per area.
R ates of doing work
We shall first consider the mean rates of doing work across a horizontal plane by the stresses in the plane as they act on the water below the plane. We shall next consider the mean rates of doing work on an element of water.
The rate of doing work, per volume, by the resultant mean stresses on an element is
The mean rate of doing work, per volume, by the resultant turbulent stresses on an element is
where On the turbulence of a tidal current 4
The rate, per volume, at which energy is lost to the mean motion is A U\ P^-P t e {uw]) + V\ P w -P~d r ) \ ' and this is equal to
The first term of (4*5) is the rate of dissipation, by viscosity, of the energy of mean motion, and is usually negligible except in the immediate neigh bourhood of the sea bottom. The second term of (4*5) is the rate at which energy is transferred from mean motion to turbulent motion. The mean rate, per volume, at which energy is lost to turbulence is /# ] » which is the mean rate of dissipation, by viscosity, of the energy of turbu lence.
E nergy equations
The The term [w. \q*\ represents the vertical convection of the energy of turbulence per density; the interpretations of the other terms on the righthand sides of (5-2) and (5*3) are given by (4*1) and (4*2).
If we take z = z2 to correspond to the mean surface of the sea, and suppose this surface to be free from stress, then the contributions from this level to the right-hand sides of (5*2) and (5*3) will vanish.
If we could also regard the sea bottom as a perfect horizontal plane, then every term on the right-hand sides of (5*2) and (5*3) would separately vanish. But a more practical formula will be obtained by taking to correspond to a level a few centimetres above the bottom. We thus see that the shearing constituents of the Reynolds stress system are zero, so that isotropic turbulence contributes nothing to internal friction. In particular, we see from (4*5) that in our problem no energy can be trans ferred from mean motion to turbulent motion.
D isturbance of constant shearing current
If we neglect the rotation of the earth and the time variation of the mean current, and suppose that the direction of this current is the same at all depths, we may take
The equations (3-3) may then be written du T T du dU 1 dp \ -t+U-^ + w-----vV2u + -^d t ox dz p ox I du du r dv T dv 1 dp I dv\ at z = £. It is our intention to study disturbances which are periodic in t,x,y. If we were to take u = v = w = Oat the sea bottom, the first or in the above equations would then be the same as for ordinary wave motion, and we should obtain oscillations damped by viscosity. But we wish to study oscillations which are maintained against viscosity by the external body forces acting through the mean motion.
From (3*41) we have r i dU 0 (z = 0), and though observation indicates that dU/dz may not vanish at the sea surface, yet in all cases [uw] must be small at the surface compared with values which it takes below the surface. Also, we do not wish to study surface waves any further than they may be necessarily involved. We therefore take the following boundary conditions, in addition to (7-3) and (7-31), o' II > 2* o II 3 (7*41) \y/w\ -T (z = -h), (7-42) = W ( (7*43) where T and W are prescribed constants. The condition (7*41) will exclude surface waves to the first order. Of course, in the actual tides, surface waves will usually be present, but our object is to study disturbances which are as simple as the possibility of having non-zero forces of internal friction allows.
The level z = -hi s supposed to be above the sea bottom. T pT represents the Reynolds shearing stress by which the water below the level z --h acts on the water above that level. The quantity pW repre sents the mean rate at which, through the turbulent stresses, the water below the level z = -h does work on the water above that level.
P eriodic disturbance, neglecting viscosity
When we neglect v and the terms on the right-hand sides of (7-21), (7-22), (7*23) and (7-31), these equations possess a solution of the form where a, k and k are constants, where wv and p x are functions of z only, and where £x is a constant. But when we come to consider the righthand sides of (7*21) and (7-22) we shall see that the disturbance is either irrotational or is restricted to the two dimensions of x and z.
We have from (2*1), (7-21), (7-22) and (7*23) (a + KU)Xt = ~k~j~wi> from which we deduce that d*W'ld? and wx wx must both be constants, and then from the remaining terms of (8-51) we see, after some reduction, that either -0, or the disturbance must be irrotational. Now suppose that cr + kU does not vanish for a continuous range of values of z, and let us seek a second approximation of the same general form as (8-1). We require an expression for w which, when substituted in the lefthand side of (7-21), will produce (8-51). But this can only be found when the coefficient of cos 2 k yi n (8-51) is zero. On using the equations (8-22) and (8-23) the coefficient of -fck2 cos 2 in (8*51) may be written as dUldz L , 2 , K2-k 2 (dwx \ 2\ ar+KU\ 1 (
K2 + k2)2\ d z c t + kU 1J / '
and this can only vanish for special constant values of dUjdz c t + kU ' As < r+kU0 = 0, the only applicable case is that of a constant value of U and this has already been examined. But when 0 no restriction need be placed on U. If we start with the sum of a number of solutions of the type (8-1) and work out the second approximations, we see that the results (8-6) remain true.
We cannot, therefore, satisfy either of the conditions (7-42) and (7*43) when T and W are different from zero. Also, the rates of doing work (4-1), (4*2), (4*3), (4-4), (4*5) are all zero, and in the energy equations (5*1), (5*2), (5*3) every term is separately zero.
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E xamples op periodic disturbances, neglecting viscosity
Although the results of § 8 show that disturbances of the type there con sidered cannot account for the phenomenon of internal friction due to turbulence, yet it is of interest to consider certain specially simple cases. We shall give three examples of two-dimensional disturbances in each of which the expressions satisfy the differential equations to all orders, but the surface conditions only to the second order.
We shall take c to denote a constant speed fixing the magnitude of each disturbance. This disturbance has a vorticity.
All three examples involve second-order disturbances of the sea surface.
Having so far failed to account for non-zero forces of internal friction, we now return to the general equations of § 7 and retain the coefficient of viscosity v.
On neglecting terms on the right-hand sides of (7*21), (7*22), (7-23) and ( on© of these is required to satisfy (10-53) and the other determines the magnitude of We therefore have two constants of integration, one in and the other in Xx> with which to satisfy the two conditions (7-42) and (7-43) at When the disturbance is two-dimensional and confined to the plane of x and 2, so that k -0 and vx = 0, we have also Xx = 6* The availab stants of integration are then reduced to one and it is impossible for one solution of the type (10-1) to satisfy both the conditions (7-42) and (7-43).
On using accents to denote conjugate complexes and utilizing such relationships as When we substitute into the right-hand sides of the equations of § 7 the real parts of (10-1), and then reintroduce complex quantities, we find that t, x and y enter (7-21) through the factors e2i(at+Kx) QQg 2 k y , e2i(< T i+K X ' > } cos 2 and (7-22) through the factors e2i(<rt+K x) sjn 2 k ys in 2
The second approximation will therefore contain three new groups of terms, each of the same general form as (10-1).
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U niform mean current
We now take U = U0, when U0 is a constant, and write We can now choose a and b so as to satisfy (7*42) and (7-43) at z = -h. At last we have got a particular example in which ] is not zero, and in which all the conditions we have prescribed are satisfied.
We notice, from (3-5), that the eddy-viscosity function N is infinite. The presence of the hyperbolic functions in the above formulae is, of course, due to the uniformity of U. To obtain a case more like that of actual tidal currents we should require U to be such a function of z that [ w ] was proportional to z. 
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The mechanisms involved in the thermal decomposition of aldehydes and ketones are varied, and the relations between them somewhat complex. In particular, an interesting contrast in behaviour has recently been found between benzaldehyde and acetaldehyde. An investigation of acetophenone has therefore been made for comparison with acetone.
The thermal decomposition of acetophenone takes place predominantly by the step C6H5COCH3 = C6H6CH3 + CO, the toluene undergoing a subse quent decomposition to give chiefly benzene, methane and carbon. It differs from that of acetone in yielding hardly any ketene. It is homogeneous and nearly of the first order, with no sharp falling off in rate at 20 mm. There is no retardation by nitric oxide or by greatly increased surface, nor can an increased rate of decomposition be induced by the presence of radicals from decomposing diethyl ether. This is taken as evidence for the absence of reaction chains. In this respect the behaviour resembles that of acetone, but other differences in kinetics exist. These are briefly discussed.
• I ntroduction
The homogeneous thermal decompositions of aldehydes and ketones appear to be of two types. One, generally accepted to depend upon a chain reaction, is inhibited by nitric oxide and occurs with benzaldehyde and with the higher aliphatic aldehydes: the other is not inhibited by nitric oxide and is believed by some, for this and other reasons, to depend upon an internal molecular rearrangement. It occurs as the sole type of mechanism with formaldehyde, acetaldehyde, chloral, acetone and methyl
